Complete removal of broom snakeweed resulted in perennial grass production 833% of that on untreated rangeland after one growing season, and 712% and 300% the second and third year, on a pasture heavily grazed and in poor range condition. On a moderately grazed pasture in good range condition, grass standing crop increased 42% the first year, 81% the second, and 25% the third compared to untreated rangeland. Perennial grass production on the heavily grazed pasture was far below that on the moderately grazed pasture at the start of the study (40 vs 454 kg/ha). After 3 years, with complete broom snakeweed removal and no grazing, perennial grass production was comparable on the pastures once heavily and moderately grazed (1014 vs 939 kg/ha, respectively).
SO%, there was no effect on grass production. However, when all broom snakeweed plants were removed, grass production increased 107%.
Broom snakeweed apparently undergoes intraspecific competition as well as interspecific competition with other species (Ueckert 1979) . The degree of competition appears dependent upon the population density and the competitive ability of associated species. The objective of this study was to investigate the response of associated species to the removal of broom snakeweed competition.
Study Area and Procedures
The study was conducted on the Fort Stanton Experimental Ranch 6 km east of Capitan, New Mexico. Average annual precipitation is about 39 cm, with over 60% falling from June through September. Open grasslands on mesas and plateaus are dominated by blue grama. Woodlands occupy steep slopes and rugged hills and are dominated by pinyon and juniper (Pinus edulis and Juniperus monosperma) and wavy-leaf oak (Quercus undulata). Elevation on the ranch varies between 1950 and 2250 m.
Two locations selected in 1977 on the Fort Stanton Station represented areas under different grazing intensities and range condition. One area was located in a pasture continuously grazed year-long since 1969 at a heavy stocking rate (18.9 ha/ AU). This pasture was considered to be in poor range condition. The second location was in a moderately grazed pasture (23 ha/AU) in good range condition that had also been grazed since 1969. The soil at both locations is from the Dioxice loam series, which is classified as a fine loamy mixed mesic aridic calciustoll.
In May 1977 fences were constructed to exclude grazing from a 0. l-ha area in each of the two pastures. The fenced areas encompassed a relatively homogeneous stand of l-year-old broom snakeweed plants. Broom snakeweed density was determined by counting all plants within 9 m2 plots, calculating a mean for the exclosure, then uniformly thinning the plants to a desired level by clipping at ground level. Broom snakeweed was reduced by 0.25, 50,75, or 100% of the mean density in the heavily grazed pasture, and by 0, 33, 50,67, and 100% in the moderately grazed pasture. Treatments were replicated four times in a randomized complete block design at each location.
Basal cover and standing crop of grasses and forbs were determined annually in the fall at each location. Basal cover was determined by randomly placing a IO-point frame along 15 line transects in each plot and recording basal hits for broom snakeweed, forbs and perennial grasses. Herbage standing crop was determined for each species by clipping four 0.25 m2 quadrats in each plot at the end of the growing season. New areas were clipped each season during the 3-year study. All clipped vegetation was separated by species in the field and later oven-dried at 60" C for 72 hrs before weighing. Basal cover and standing crop data were analyzed by analysis of variance. Duncan's multiple range tests were used to separate differences among means where appropriate. where all broom snakeweed was removed compared to the other treatments ( Fig. 1 ). In the second year, basal cover for these species was about equal among treatments thinned by 50% or more and all exceeded the basal area on untreated rangeland. By the third growing season after thinning the broom snakeweed. there was no difference in basal cover among treatments grazed pasture. Mortality of broom snakeweed on the heavily grazed pasture from fall 1977 to 1978 ranged from 64% on plots not previously thinned to 54.4, 37.2, and 30.4% on plots thinned by 25,50, and 75% of the original density, respectively (Table 1) . Density counts taken from the moderately grazed pasture in 1977 and 1978 also showed mortality to be 5 to 10% higher on unthinned plots compared to areas where broom snakeweed was originally reduced by 33,50, and 67%. The lower mortality of broom snakeweed in plots that were thinned agree with Ueckert's (1979) observation that intraspecific competition within dense stands of broom snakeweed is severe but can be reduced by decreasing population density. Few broom snakeweed seedlings emerged during the 3 year study. From spring 1977 to fall 1979 less than one new broom snakeweed seedling/m* was noted at both locations. There was no difference in emergence between the treatments. Precipitation during this period was near or above the 8fyearannual average for the Fort Stanton Station (Table 2) , and it is unknown why more seedling did not emerge. Plant /m2 1978 Plant /m2 1979 Complete removal of broom snakeweed increased basal cover of perennial grasses 32 and 62%compared to untreated rangeland the first growing season after thinning in the moderate and heavily grazed pastures, respectively (Figs. 1 and 2). Grass cover was not affected where 75% or less of the broom snakeweed was removed the first year. Basal cover of grasses increased on most treatments the second and third years after treatment, probably due to further thinning of broom snakeweed by natural mortality, rest from grazing, and above-average precipitation. Blut grama was a dominant grass at both study locations. Sideoats gmma (Bouteloua curtipendula) was an important codominant on the heavily grazed pasture, whereas wolftail (Lycurus phleoides) was more important on the moderately grazed pasture. In the moderately grazed pasture, blue grama and wolftail had significantly (-0.05) greater basal cover the first growing season
Basal Cover and Herbage Production
On the heavily grazed pasture, blue grama basal cover was equal on all treatments the first year but increased after the second and third years only on rangeland where broom snakeweed was thinned by more than 50% (Fig. 2) . Blue grama basal cover did not differ among treatments thinned less than 50% throughout the study. Basal cover of sideoats grama in areas where broom snakeweed was completely removed exceeded that on all other treatments during each year of the study. Basal cover of sideoats grama in areas thinned by 75 or 50% was generally intermediate to those plots not thinned or reduced to 25% of the original broom snakeweed density. The release of blue grama and sideoats grama follow- ing the complete removal of broom snakeweed was moredramatic on the heavily grazed pasture than the moderately grazed pasture. This may be the result of the initial range condition in the pastures. The complete elimination of broom snakeweed resulted in an average 50% increase in basal cover of perennial grasses in the moderately grazed pasture, and a 89% increase in the heavily grazed pasture compared to untreated rangeland after 3 years. Differences in standing crop of perennial glasses where broom snakeweed was completely or partially removed were generally analogous to basal cover responses. Standing crop of perennial grasses in both pastures was significantly greater (ItO.05) during each year of the 3-year study where broom snakeweed was completely removed compared to untreated rangeland (Table 3) .
In the heavily grazed pasture complete removal of broom snakeweed increased standing crop of perennial grasses 378 kg/ha (833%) and forbs 5 I5 kg/ ha (1907%) compared to untreated rangeland after one growing season (Table 3) . Reducing broom snakeweed to 75% of its original density also resulted in a significant increase in the standing crop of perennial grasses as compared to the untreated areas (169 kg/ ha or423% increase). Reducing broom snakeweed density by 25 or 50% did not affect grass or forb production the first year. By the third growing season, with less than 7% of the original broom snakeweed remaining in the heavily grazed pasture, because of natural mortality, grass production on the partially thinned areas (25,50 or 75%) was significantly above that on untreated rangeland but below that on areas where broom snakeweed was completely removed.
In the moderately grazed pasture, complete removal of broom snakeweed also increased standing crop of grasses and forbs the first year, whereas partially thinned treatments did not differ from untreated rangeland. During the second and third years all treatments originally thinned by more than 33% had greater grass production than the untreated rangeland. Standing crop of perennial grasses generally increased at both locations during each year of the study. As noted previously, this can be attributed to rest from grazing and above-normal precipitation as well as to the thinning treatments. However, the thinning treatments, especially complete removal of broom snakeweed, provided a significant competitive advantage to perennial grasses. This was especially true in the heavily grazed pasture, where grass production in broom snakeweed-free plots far exceeded that in untreated areas after 3 years (1014 kg/ havs. 254). The rapid increase in perennial grass production on the treated compared to untreated areas suggests that rangeland can improve dramatically, even if in poor condition, once broom snakeweed is eliminated. The standing crop of perennial grass in the heavily grazed pasture, which was considered to be in poor condition, was far less than the moderately grazed pasture, which was in good condition at the March 1982 start of the study (40 vs 454 kg/ ha, respectively). However, when broom snakeweed was removed at both locations, standing crop of perennial grasses was about equal after 2 years (1363 vs 1357 kg/ha) and was greater in the heavily grazed pasture than the moderately grazed pasture after 3 years (1014 vs 939 kg/ha, respectively). Ueckert (1979) reported perennial grasses on shortgrass prairie were slowed a year in responding to removal or thinning of broom snakeweed if plants are initially low in vigorand broom snakeweed is thinned in the middle of the growing season (late July). The rapid increase in basal cover and standing crop of perennial grasses observed in this study suggest an advantage for removing broom snakeweed at the beginning rather than the middle of the growing season (early May). Ueckert also reported that reducing broom snakeweed by 25% or 50% did not affect production of perennial grasses. Our study agrees with this observation and suggests that at least 75% of the broom snakeweed plants in dense stands must be removed to obtain significant increases in grass production the first year.
Summary and Conclusions
Complete removal of broom snakeweed in spring 1977 resulted in a 42ycincrease in perennial grass production, compared to untreated rangeland, in the first growing season and 8 1% and 25% in the second and third years, on a pasture moderately grazed and in good range condition.
On a heavily grazed pasture in poor condition, removal of broom snakeweed resulted in a more dramatic increase in perennial grass production with sideoats grama accounting for most of the increase. After the first growing season, perennial grass production on the heavily grazed pasture increased 833% where broom snakeweed was completely removed compared to untreated rangeland, and in the second and third years 7 12% and 3009& respectively. These data suggest the benefit of complete early-season removal of dense stands of broom snakeweed because of the resulting sustained yield in perennial grasses, even if broom snakeweed populations decline naturally in subsequent years. 
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